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Auaust 2, 1988

Chairman Dennis R. Patrick
Federal Communieationa Commiuion
1919 M Street NW

. Wuhington DC 20554
RE: Open-Architecture Receiver

Dear Chairman Patrick:

Comments on the Int~ ~~f the Advisory Committee on Advanced Television
Service were 8Ubmitted by a nmtir of interested parties. In the comments by the Electronic

. Industries Association (EIA), North American Philips, Sarnoff Laboratories, Matsushita Elec­
tric Corporation of America, Cox Enterpriles, and Tribune Broadcutina, pnerally neptive
statements were made reaardina the Open-Architecture Receiver (OAR). Zenith, one of the
sponsors of the Advanced Television Research Procr&m (ATRP) at MIT, simply stated ihat
the concept was premature.

Since I coined the term OAR (but not the concept of a 'smart' receiver) and since I was
specifically named as the "the most ardent supporter of open architecture" by EIA, it is
appropriate that I reply to these comments. The technical statements made in this letter are
presented in my capacity as director of ATRP. The opinions and nontechnical statements are
entirely my own, and are not to be attributed to MIT or to the ATRP sponsors.

As many of the adverse comments relate to the suppoeed high cost of the OAR, I would
like to point out that in addition to my lone experience in designing practical imaain& systems
that have gone into production, a substantial portion of my present income is from industrial
consulting. My specialty is Iow-eOlt design in the field of electro-optical and computer-based
imaaing systems. I am particularly proud of the development of the Autokon electronic process
camera, a laser-baaed imaging system that has been sOld in Japan for more than ten years
without the appearance of cost-effective competition.
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Executive Summary

• All ATV receivers will have to accept at least two standards - NTSC and ATV - reludless
of FCC atandards deeisiOD.l. The beat and cheapest way to do thUs is by scan convertma all
formats to the parameten of a fIXed, high-rate display. Once this price haa been paid, the
extra cOlt of the bua-atructured comlgUl'ation of the OAR is very small, and will not materially
increase the price of receivers. "Open architecture" aimply means that bus .peeificaticml are
uniform and public 10 that third parties can provide IOftware or hardware modules for
enhanced functionality. Such a design allows the receiver to be uPlf&decl and adapted over
time to accomodate itself to evolutionary improvements. This scheme permits an early lItart to
ATV lelTiee, without premature standards decisions that are mOlt likely to be a aood deal less
'than optimum. It also eues the conflict between the desire of terrestrial broadcuten for a ain­
lIe standard and the desire of alternative-media providers to have either no standard at all or a
eelf-ehoeen one for high_t picture quality in each medium.

• The OAR concept is deeeribed in lOme detail in this letter, .ince it haa been miac:haracteriHd
.by many critics. The a:p.ments aaainst the OAR are also considered in detail. Only COlt is a
potentially legitimate iaue. Given the two-standard minimum, I believe that the extra cost
will be very amaD. The manufacturer's development costs for an entire line of receivers ~y
well be less, and a lively market in third-party products, mainly produced in the US, may be
expected. The OAR is entirely suitable for use in the home, facilitating connection to many
other products and services likely to be used in the home in the future. With the OAR, both
consumer and manufacturer can invest with confidence that their investment wlll Dot lOOn be
made oblOlete.

• A number of the comments argue for a fIXed sinale-standard receiver rather one that can deal
with several standards and that is flexible enough to be adapted to evolutionary improvements
over time. The commodity-type fixed-standard TV receiver put mOlt ~-owned TV
receiver manufacturers out of business. While one would certainly not advocate complexity for
its own sake, this predilection for a very simple receiver may prove eelf-deltructive. It Ihould
be bome in mind that BDTV is not primarily about beautiful pictura. It .. about the econ­
omy. The most important economic effects relate to the total value added in tA, US, to ATV
receivers. For this reason, we should examine the views of foreign-owned companies with par­
ticular tare. In this connection, it should be noted that there is nota single .U8-0wned com­
pany in the Consumer Electronics Group or EIA.
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The OAR Concept

Many of the comments are off the mark because they attack silly proposals that no one
has made, and that no knowledgeable person would make. In particular, no one would advc>
cate a receiver that could cope with all conceivable ATV formats - the EIA "inclusive" con­
cept. No one has advocated legislating the design of receivers, and in particular forbidding the
inclusion of decoders in display modules, the EIA "non-inclusive"tlpproach. My idea of the
OAR is described in the attached note of June 12, 1988. It calls for a bus-structured pre>
gra.mmable design, rather than the "functional integration" usually used at present, in which
the receiver is a fIXed, stand-alone unit, capable of receiving one permanently fIXed format
only.

The term "open architecture" means that the system is designed in such a way that third
parties can sell hardware and software that can be used with the system to enhance its perfor­
mance. Hardware additions plug into a bus, and there are no set-top converter boxes. Of
course, the original manufacturer can also provide these enhancements, making it easy to sell a
full range of products at a full range of prices without redesign. Open architecture is largely
responsible for the success of the mM PC. Apple switched from a closed to an open archictec­
ture in the Mac fi, presumably to obtain a similar benefit.

The principal advantages of open architecture for TV receivers are the ability to be inez­
pensivelJl adapted to a range of transmission formats and to achieve improved image qu~lity

over time as it becomes economical to utilize available headroom in the system. The OAR can
be readily interfaced with a wide range of other units, including VCR's, cable, fiber, DBS, opti­
cal disks, computers, video games, cameras, interactive systems, electronic still photographic
equipment, people meters, encryption systems, etc. It makes these other devices simpler, not
more complex, because of the cleaner and more completely specified interface.

Cost of the OAR

Everyone is properly concerned about receiver cost, since the receivers represent most of
the aggregate cost of a new television system. If a single worldwideATV standard could be
agreed upon, a fIXed receiver would be somewhat cheaper. A single standard for receivers,
however, is inconceivable. At the very least, NTSC will be with us a long time, so that all
ATV receivers will have to deal with at least two standards with widely different scanning
rates. The cheapest way to deal with multiple standards is to use a single display standard
(which need not be the same on all receivers) and to upconvert all formats to that display
standard in low-level digital signal processing hardware. This is precisely ~hat is done in
NHK's MUSE receiver, which also uses a microprocessor for automatic channel equalization.

The principal cost of a receiver is the picture tube and associated mechanical and electri­
cal components. Signal processing, which is the innovative area of the OAR, represents a very
small portion of the cost of today's receivers. For this reason, even if the bus structure
increased the cost of signal processing by a small amount, it would not materially increase the
cost of the entire receiver. Because of the advantages of this design approach, it is being advc>
cated for such diverse low-cost applications as residential electronic systems ("smart house")
and automobile control systems.

I'



Relationship to Multiple or Evolving Standards

The OAR iI not a dodge to avoid setting transmission standards. To the extent that it is
connected with the standards issuet it recognizes that, on the one hand, we are far from ready
to set terrestrial standards, and, on the other hand, many entities are preparing to start activi­
ties in alternative media rather soon. Many of these proposals will no doubt fall by the way­
sidet but there is some possibility that several of them will go forward, putting on the market a
variety of receivers that are mutually incompatible. This would greatly slow down the proli­
feration of ATV, and along with it, its potential economic stimulus. In my opinion, it is
entirely unreasonable to subject the public to this risk, when it could be avoided by appropri­
ate legislation. Following the precedent of the All-Channel Receiver Law, which is responsible
for the viability of UHF, we could require all ATV receivers to be capable 01 being ad4pted to a
reasonable range of transmission formats. As I said above, this would not materially increase
the cost of receivers that already had to deal with both NTSC and anyone form of ATV.
Authority for rule-making could be given to the FCC, which would do this in accordance with
its usual procedures of consultation with interested parties. Such a law would level the playing
field for all parties and would ensure that both industry and consumers could invest in ATV at
an early date with confidence that these investments would not be lost because of subsequent
changes in transmission formats.

I believe that terrestrial transmission standards should be set as soon as this can be done
with confidence. However, there are many valid issues that simply cannot be resolved in ..the
very near future. One is the fundamental question of whether there is any way at all to
achieve substantially higher picture quality in the home under normal transmission conditions
without impacting the quality on existing receivers. In addition, alternative-media
entrepreneurs all want each medium to be allowed to develop to the maximum extent possible
according to its own capabilities, raising the important issue of compatibility across different
media. In the face of these serious problems, an early decision would be based on guesswork
and would likely be wrong. If we want ATV soon without such risks, the OAR offers a way to
do this.

Suitability of Open Architecture in the Home

There already are more than ten million personal computers in American homes using
open architecture. These computers use all of the different kinds of circuitry found in normal
TV receivers, including high voltage, digital interfaces, and low-level analog signals, and that
would be required in the OAR. Most users do not get into the more sophisticated problems
that are the territory of the computer buffs, but use them in a simple way. When they cannot
cope with some special problem, they get the help of a serviceman. The problems encountered
are no more confusing than programming most VCR's, which many viewers simply do not
choose to do, but use the VCR for playback only. Likewise, many users of the OAR would not
make complicated connections to multiple peripherals, but would simply watch TV programs.
Two or three times in the life of the receiver they might be called upon to plug in a new
hardware module, and if they did not want to do that themselves, they would call a service­
man. That would be a lot cheaper than buying a new receiver. Many changes in transmission
format (such as the variable frame rate in the MIT-CC system) would be effected by codes



embedded in the signals and would call for no action on the part of the viewer.

The Relationship to Multiport Receivers

As pointed out in the attached memo, the OAR would use only three ports for all conceiv.
able input signals· rf, analog baseband (3 wires), and digital. The provision of U~rts" for dif·
ferent formats is a simplistic approach that can only be used in a very restricted range of appli­
cations, namely those that involve two formats that use the same scanning standards. One
such case, and it is a very important one, is the proposal to provide for baseband analog inputs
to TV receivers. The argument for baseband inputs on NTSC receivers is 80 strong that 1
think legislation is warranted here as well. The cost of such input terminals, although small, is
signficant in a highly competitive market. The greatly improved picture quality that can be
obtained when VCR's are connected in this manner is not made available to users today simply
because manufacturers who provide it are at a competitive disadvantage compared with those
who do not. A legal requirement to provide such an input removes the competitive roadblock.
VCR manufacturers likewise may not provide baseband outputs until there are many receivers
that can use them· a classical "chicken and egg" problem.

Additional ports will not solve the problem of interfacing systems with different scanning
standards. Scan conversion is required in this case, and in ATV receivers it will be used to
accomodate NTSC. It is much cheaper to provide a programmable scan converter (up­
converter) than to provide separate ports and special fIXed up-converters for each additi~nal

format .

•••••••••••******.*******************************************************

EIA Comments

These comments were considerably more detailed than the others and also differed in
tone, so I shall deal with them separately.

"Open Architecture will Delay ATV Introduction" On the contrary, OA permits manufactur­
ers to sell and users to buy ATV receivers with confidence that they will not be made obsolete
by some new standard. It reduces uncertainties rather than increases them.

"Open Architecture Reduces Production Economies ... A.single standard receiver could be flex­
ible and adaptable to future developments." I am composing this letter on an open­
architecture mM PC/XT that cost $4000 when it was introduced several years ago. More
powerful clones are now available for about $1000. The learning curve applies here as well as
to any other mass-produced product. Open architecture actually facilitates providing a wide
range of products without redesign, and can reduce costs for manufacturers. As for "flexible
and adaptable," the EIA seems to be talking out of both sides of its mouth. On the one hand,
they are trashing the OAR in favor of a completely fIXed one and then claiming that the latter
can be 'llexible and adaptable." Flexibility and adaptability are the fundamental reasons for
the OAR.

-5-



· .,

"Open Architecture Raises Safety Concerns" This statement is entirely without basis in fad, 3/:>'
and I am. puzzled as to why it was made and as to how to respond. Plugging new cards into a .~.~

motherboard raises fewer electrical safety problems than hooking a VCR to a receiver, and~.
even the latter does not cause any problem. Home computers using a similar structure have ~~_.

not raised any safety concerns. It should also be noted that modules for insertion in home -;­
receivers could readily be made more rugged - like video-game modules rather than like boards:;~.

for personal computers. ..

"Open Architecture Will Cause Consumer Confusion" It is hard to think of anything more ~.

confusing that the marketing of several different kinds of mutually incompatible ATV··
receivers, a prospect that the OAR is designed to prevent. With properly dermed buses, all
modules will work in all receivers made according to specifications, just as many manufactur- .'
ers' cards plug into expansion slots on IBM PC's and their many dones.

'-

"Open Architecture Raises Reliability/Servicing and Quality Issues" It is true that whenever ~

products of different manufacturers are put together, questions may be raised as to which is
malfunctioning. In a free market, we put up with this for the sake of greater choice. The
situation is no different from using modular audio systems, non-Bell telephones, or for connect- ~.

ing VCR's to receivers. With respect to servicing, bus-oriented designs are much easier to ser­
vice because diagnostic programs can be used, as are now being used in some advanced auto- ~

mobile servicing systems. -

"Open Architecture Ignores the Unique Nature of a TV....it processes delicate analog signals.
High voltage, high frequencies, and spectrum interference considerations are very complex and
costly to engineer..." If these sentiments are widespread in the American TV manufacturing
community, it may be a partial explanation as to why so many US manufacturers have gone ~.:

out of the TV business. A television receiver is not a unique product. Computer terminals use ;.
essentially the same circuitry. As for "delicate analog signals," surely the EIA has heard of the
compact-disk digital audio system. AU of the interfaces of the OAR, except for rf and ~

baseband inputs, are digital, thus avoiding analog interconnection problems.'

It is the conventional wisdom that generals tend to rJght each war with the weapons of the
last war. One large American TV manufacturer claimed for some time that tubes were better
than transistors. Another one claimed that the craftsII1!lJlShip of hand soldering made better
TV's than machine soldering. This is 1988 and the receivers we are talking about will be used
in the next century. They ought not to be designed with old and worn-out technology.

"Open Architecture is Rarely Appropriate. An OAR may be appropriate when the technology~-·
:1c

is still developing and it is premature to set a standard, i.e., all the technology to set a stan- ;:~

dard for ATV is not available. But even the most ardent supporter of OA, Dr. Schreiber of
MIT, recognizes that the technology is available. (See June 1988 SMPTE Journal.)" Like the ':".
safety issue, this comment is entirely incorrect. The article referred to, by Prof. Eric Dubois
of INRS, Montreal, and myself, dealt with multidimensional filtering for removal of cross effects
in NTSC. It is totally irrelevant to the issue discussed here, as would be apparent to anyone
who read even the abstract.



With respect to whether ATV is still developing or not, the very existence of the large
number of proposals to the FCC, most of which were unheard of 12 months ago, is evidence
that the field is in a state of very rapid development. Even MUSE, the system that is lOme­
times claimed to be completely ready for manufacture and use, was shown in numerous modi­
fied forms at NAB in April. In view of all this on-going development, it should be clear that
any standard promulgated in the very near future is likely to be full of errors.

"Open Architecture is an Excuse for Delay" On the contrary, open architecture is a way to
get started quickly on ATV without the hazards associated with premature standard setting. I
am far from alone in advising the FCC to go slow in establishing a standard. It is well to bear
in mind that nearly everyone commenting on these issues has a fmancial interest in one out­
come or the other. This is perfectly natural and entirely correct, but we would be foolish not
to recognize it. Those who think that their standard will dominate, or who expect to profit

. from an early single-standard decision, will naturally support such a decision and fmd many
reasons why preparing to cope with more than one standard is the road to disaster.. I rather
suspect that if the FCC does make an early decision, many of the losers in this competition will
suddenly become advocates of open architecture.

••********.***************************************•••••••••••••**••**••••*

Conclusion

The most significant objection to the OAR concerns its cost. I have pointed out that all
ATV receivers must cope with at least two standards, and that the structure that best does
that can, at little extra cost, cope with many. This structure has many other advantages, not
the least of which is very easy interconnKtion to a wide variety of other services that will
surely be developed. I do not advocate delay, and I strongly favor a decision on the
terrestrial-broadcasting standards issue as soon as it can be made with confidence. In making
this decision, due regard must be given to the requirements of and probable ATV scenarios in
alternative media, as well as developments that will surely be made in the over-the-air system
as improved components become available and our knowledge of television signal processing
improves.

There is no legitimate eoncern about the OAR encouraging delay in setting standards,
about the inability of the OAR to be cost-reduced ov~r time, about safety, about consumer
confusion, about the appropriateness of the OAR for the early introduction of ATV service,
and about reliability. A TV receiver is not a unique product, but an electronic appliance that
ought to be made with technology appropriate to its time, and not to that of an earlier age.

-1-



Very truly yours,

~:;.~
William F. Schreiber
Professor of Electrical Engineering
Director, Advanced Television Research Program

Encl: "OAR: The Open-Architecture Television Receiver," ATRP-T-88R, 12 June 88
EIA letter

Cc: Commissioner Patricia Diu Dennis
Commissioner James H. Quello
Acting Secretary H. Walker Feaster
(for inclusion in the public record of Mass Media Docket 87-268)
Alex. D. Felker, Chief, Mass Media Bureau
Dr. Thomay P. Stanley, Chief Engineer
William Hassinger, Engineering Assistant
Richard E. Wiley, Chairman, Advisory Committee on ATV
Member companies of the Center for Advanced Television Studies
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DEPAItTMENT 01 ElEC1'ItICAL ENGINEDING AND COMPUTER SCIENCE

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMBRIDGE, MASSACHUSETTS 011J9

THE OPEN-ARCIIlTECTURE TELEVISION RECEIVER

The purpoee of thia brief note II to &ive a nontechnical description of the concept and to
explain why we belleve tbil II an appropriate kind of receiver to WIe in the Advanced Televi­
.ion SyatemI beiq considered for the United Statel.

All TV receivers couist of a tuner, a lipal-proc_iq aection, and a display, includinl
audio. In today'. receiven, the middle portion accountl for IG-2S% of the cost. Most of the
cost is in the picture tube and allOCated hardware. In HDTV receivers, the display, at least
initially, will account for the ovenrhe1m iDI portion of the COlt. The main innovation of the
'OAR iI to make the .ipal-proc_iq aection diaital and p~le. (Ta it bu10vative
only with respect to TV receivers; it II an increuinaIY commcm way to delian complicated
hardware today.) In addition, we have put U maDy tuner lunctioDl U pmaible into diaital
.ianal proc_iq hardware. The display aection doea include a fIXed upconverter to achieve a
pfOlNllively lCanned dilplay with a hich line and frame rate. At present, thil it only fOUDc1 in

--a few hich-end receivers, but it likely to be ued in all ATV receivers, lince it II now well
mown that this is required to produce the hichest quality~e from whatever is transmitted.

The WIe of procrammable disital lipal proc_iq (DSP) rather than fIXed Pl'OCfllSiq1all
ATV receivers will UH at least lOme diaital proc_iq) raiaea the COlt very llUIe, if at aU, and
achieves important objectives not otherwise pOlIIible. In all likelihood, if a receiver mUit deal
with two or more tranamiasion atandi.rda, the OAR II the ehc4put way· to buUd it, in the
time-frame of even the flr'lt ATV IJltemI.

1. Such a receiver can be adapted to a ranle of ATV transmission formats at low COlt,
without obsolescence, and without .t-top converters. It is therefore Dot Decea&ry to
wait until a perfect format is selected before launching an ATV .rvice. All of the
currently proposed formats could readily be accomodated in the OAR. .

2. Jmace quality can be improved in an evolutionary manner over the life of the receiver
by modifyiq the operatiq mode of the receiver or by addina plua-in modules. Any avail­
able headroom in the transmiaion ayatema can be utiIiled.

3. Such a receiver can readily be interfaced with VCR'., cable, fiber, DBS, optical disb,
computen, video lames, camera, electronic still photoeraphic equipment, interactive IYI­
tema, people meten, addreaina/encryption IJltemI, and other devices not yet imecined.
It does not complicate these other sy.temI - It .implUleI them lince the computina power
of the OAR can be Wled to facilitate the interconnection. No interface box.. are uaed.
Most peripherals plua into one of the receiver bUIIII, just the way computer peripherals
plUI into computer bu.-..

4. The open architecture faciUtates the provision of software or hardware add-ons by
third parties, IUch u picture-in-picture, Imap enhancement, freeze-frame, viewer­
controlled 100m and pan, home video production syItemI, etc. Provision can be made for
much better viewer control of color and tone reproduction, U is routinely done in If&phic
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arts. Of coune, the oriainal manufacturer can a1Io provide these fundions. In fact, this
architecture makes it easy for the manufacturer to provide a larae ranae of receivers for
different .market tegmenta without complete redesign. For the top-end market, the three
receivers tediona could be off'ered as teparate componenta.
5. A receiver with substantial processing power makes possible a much more flexible
transmission system design. For example, in the MIT-CC system, we utilize a variable
tra.nsmisaion frame rate, where we optimise the tradeoff between spatial and temporal
resolution according to the subject matter, on a acene-bY-ICene basis. Eventually this can
be done on a point-by-point bail within each frame.

The Input Section

The OAR requires only three input terminals: U, baseband (3 wires), and digital. RF
. signals are converted to bueband and baseband sipals are diaitized and stored in a fU'St step.
All further decoding is done in DSP hardware and software, according to the particular
transmission system being used.

The Computation Section

This IeCtion is, in fact, a sipal-proceasing computer. It makes use of the cheap and
powerful chips now being developed for computers. (If such receivers become common, they
will be the largest consumers of such chips.) One ~ the ioain reuons for lOina to such a-p~

cessina structure is to take advantaae of the enol1DOU8 investment being made in the develop­
ment of such chips for other purposes. An important feature is the well defmed busses, which
permit designers to develop other devices that plUC in very euUy. A typical function of this
processor is receiving information from the input frame store and then rearranging and in~
lating it to the standard rates utUized in the display memory. It does this under supervision of
the control module, which is programmed by a small amount of data transmitted along with
the signal, or possibly by manual viewer control when uaiq other input sources.

The Display Section

All receivers need not have the same line and frame rate on the display (progressive scan
and as high line and frame rates as poaible should be used) but all kinds of signals received,
including NTSC, would be displayed at the same .tandard on anyone receiver. The display
aection would include a frame store, (there is absolutelY NO advantaae for an ATV receiver
not to use frame stores) fIXed interpolation circuitry, and digital-~ana1og converters. If
desired, an RGB interface could be provided for foreign signals, but it would be much better to
route thOle signals through the input IeCtion 80 that line- and frame-rate conversion could be
done as required. It should be noted that this display is very limllar to thOle used today in
many computer graphics systems.

w~.SchreIber -J- I JUDe 1188
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The OAR in a Multiple-Standards Environment

Bued on IoDa and exteuive practical experience in the des. of sophisticated electronic
syateJm for' production, it is my opinion that Uais type rl receiver will be the cIa.,ut u well
as the most convenient way to buDd high-def"mition receiveD that have to cope with multiple
standards. It will be cheapest for the multinational manufacturer and therefore cheapest for
the cODlU.lDer. This relUlts mainly from the fact that the OAR lCUl-eonvert8 all formats to a
.ingle display standard. The latter is mondGtorr for hiabeat imaae quality in any system.
Once this price hu been paid, the standards CGIlveDion, implemented in low-level DSP
hardware, involves ony a few spec:ial--purpoee chips, and cOlts -very little.

I freely acree that if a sinale worldwide atandard could be apeed upon, a liDale-purpaee
receiver would be somewhat cheaper. However, thilllqJe standard ,would have to be fIXed in
all its details throughout its liCe, and the latter would have to be paranteed to be 10-20 years

, in duration. I fail to lee how anyone can seriously believe that this will happen.

All ATV receiven will have to cope with at least one of the current standards • NTSC,
PAL, or SECAM. There are likely to be several independent HDTV systems used by cable
companies, such as HBO and General Instrumentl. ACTV II beiDa pushed very hard. In
addition, it would be a foolish manufacturer who would DOt also provide for MUSE capability,

.. and probably the European HDMAC system as wen. Note that in the OAR, one merely pro­
vidu for the capability, and does not implement it in every receiver IOld. For installationa that
need the capability, the appropriate hardware or IOftware module is pluged into the bus, u in
a PC. No set-top converters are used.

All HDTV receiVeD will be expensive, certainly at the besinnin&, because of the picture
tube, if nothing else. The OAR adds very little cOlt to these fnt sets, and ensures, to the
extent possible, that both manufacturer and consumer will get maximum benefit from their
investment for many years to come.

W:I.Schrelber eJUDe 1188
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THE SMART OPEN-ARCHITECTURE RECEIVER. The input and display sec­
tions are fIXed, while the the processing section, organized like a personal computer,
is programmable under the control of a small amount of digital da.ta. transmitted
along with the signal. This section could be upgraded by adding or exchanging
software or hardware modules, some of which could be offered by third parties. In

. this example, the detector is incorporated into the processing section, rather than
implemented in analog hardware in the "front end,tt in order to facilitate pro­
grammable detection of signals with multiple carriers, such 88 ACTV and the sys­
tem proposed by North American Philips. Other confIgUrations are possible in the
display unit, which probably would use mixed highs or luminance/chrominance
representation in the memory, rather than RGB.


